• This Page Is Inserted by IFW Operations 
and is not apart.of the Official Record 

BEST AVAII^ BV1AX5ES 

Defectiye images wi&in'tiiis document are accufate representations of 
the original tenments.subimtted by flie ajrplica^^ 

Defects in &e images may include (but^ no^ 

■ > BLACK BORDEJEIS 
• • TEXT GUT OFF AT TOP, BOTTOM OR SIDES 

. FADED TEXT 

• ILLEGroLETEXT 
i .SKEWED/SLANTED IMAGES 

. COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescannmg documents will not correct images 
please do not report the images to the 
Image Problem Mailbox. 



Searching PAJ 



1/1 ^—iy 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 1 0-1 94889 

(43)Date of publication of application : 28.07.1998 



(SDlntCL 


C30B 29/04 
C30B 31/06 
H01L 29/12 




1 


(21) Application number : 08-349050 

(22) Date of filing : 26.1 2.1 996 


(71) Applicant : 

(72) Inventor : 


AGENCY OF IND SCIENCE & TECHNOL 
AZUMA KO 

KAWAGUCHI KATSUHISA 


— 


(54) N-TYPE DIAMOND SEMICONDUCTOR 



(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an n-type diamond semiconductor by incorporating penta- or higher valent atoms 
shaving an electronegativity which is higher than that of C atoms and an ionization potential which is equal to or lower than 
that of C atoms as donor atoms into a diamond semiconductor. 

SOLUTION: Penta- or higher valent atoms having an electronegativity which is higher than that of C atoms and an 
ionization potential which is not much higher than that of C atoms. e.g. Se. S, Br or I atoms are used as donor atoms. The 
ionization potential of the door atoms is equal to or tower than that of a single bond of C atoms constituting a diamond 
semiconductor and is equal to or lower than that (1 3.831 eV) of ethane. A small amt of high purity selenium dioxide is 
dissolved in ethanol and diluted with acetone, and the resultant source gas is diluted with high purity gaseous H2 and fed 
into a hot filament CVD reactor, where a diamond semiconductor film is formed on a silicon single crystal substrate 
preheated to >900'* C. 
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Electro-negBtMl^* 

• A. U ADnd. J. bnrt. HocL CbMk 17. 319 <IHI} 
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[M^2] K:^-M-?■^'5Se, S, Br. 

[000 1] 

[0002] 

[0003] 

[#8^*^fi?g^LJ:e>i:-r5^] Zltlfi, ^5f-fY^>K 

tlTV V NZ: t {C J; S *>®T'fe-&. 
[0004] m^^*) nt>tlX V K■:^-M-?75MT ^ 

U=i>®^^tc5ffi®U> (P) ^5H^ (As) 
^m&<D:^m^t LT^D-t*^^(C j;oT#e)tlSZ: 

[0 0 0 5] zitv^Ei (b) (Dm^m\,z^-rj:'^\z. 

®-SP;!»^5M<DU> (P) ^Bi* (As) M-flceil$ 
5M®M^^S^®4ffi(Z)«^-i:^^^^UT^5f 

[0 0 0 6] Z10D«^S:^-rSiE{C^«Lfc:W^iS 
T'-h^)-) •r'2/U=I>M-?•;^)^e><Z):^*^P>^$^V US© 
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[0 0 0 7] iyVaiy0S^mz3m(D^^m 
(B) ^T^l/^-'i'A (Al) ^iiV^A (Ga) 
Sr^CD Wfei: UT^1--2) z: i J: o T p MS/ U n 

[0 0 0 8] 3CD#^ttHl (c) CDSfc^StC^^f 
IC, 4fl5cDS/y3>Ma®^>f-V^>K^i^®i/U3> 

S 4 fis® S/ U 3 >M-?®®^1^G) 4 <B®a^ 
U ^^=t3^S^AUM^J&bfe4^tC:^S*^, S/U3 
10 >0#!gH^*^e,«^-S:lm^-^•3l»;^^^^S:?^L;5f 
>r^=E> K«3t&«-fe, «^?:lM^t:r^ofe^fc'J-t3 

[0 0 0 9] :i(D9rf-^'^»M^^mm^tir^.±zf 

H^{C«S^gcl-tfe5^ (hole) ;?)'5T'S, z:<Z)#^^^^(Z) 

:/M^^X)^e>^i*stifc«^*^:i<Z)7t(hoie) (C'g^ 

20 

[0 0 10] 3®J;e)^i*e*<©S^tc»-5vNfe^T?ii 
Ti/U3>®«ga{C4M(D^ (C) M-?*^^®^ 
iliifii^i: LT^D$tlfc#^, S i C<D^(single bon 

[0 0 11] i/Un>#MSlc4ficDj^ (C) 

m'jhtimA(Dypm^ti^rwM^tir=.m^iz^\^x. ^ 

^m^^ltty U n i:^«)M^(Z)i!ff±&al^initio 
MO(Molecular 0bital/:J>?#jtT<S/RHF631G) $:ffl^^Ti+ 
30 ^Lfe, 

[0 0 1 2] tf#{cMv^}fe^f^;l/CD^5^;^S/9> (a i 

/CHsSiHs ) J^T:^im0r:Lli>{ZS i M-?-|BI±®^(sin 
gle bond) LTS^^^S/^^ (B 1 /Si2H6) ilC 

M^m±Oy^(.single bond) LT:r^? y 

(CI/C2H6) %)#fitTEI2 IC^U 35lCtm^:m®«E 
MSrTt^ 1 JScXm 3 tC:g^-t= 

[0013] 

mi] 
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HOMO and LUMO level and Atomic Charge by RUF/5-31G** 
Si-C model oT A3* mwl C siries 





bond va fence 


model ABC sines 




catmladtai mode! 


HOMOkvcl 
LUMO lerd 


A/B/C/6-3IG** 






net tfonuc dufge 


Mod A sines 


Model B series 


ModsICseries 




(alomic dnige } 


RHF/6-3IG** 


RHF/6-310** 


RHF/6-310** 




1 suijls bond 


Al HiSi-CH3 


Bl:H3Sj-SiH3 


CI: H3C-CH3 


1 single bend 


HOMO level 


■ 12.2960 eV 


-10.9409 eV 


-13.8317 eV 




Max. orW.P.C. 


Cnvi: .4096 


S'tflpt : .41105 


OJpi: .4015 




LUMOIevd 


4.3085 cV 


3.8091 cV 


6.5975 cV 




Mm. of W.F.C. 


Si/dpx: 1.4339 


Sif4.: 1,56279 


Q3»: 1.7252 




net atomic diaf^ge 




Si: 0.(475214) 


C: 0- (..3346) 




t uomic charge ) 


Si: .2382< .77fi3) 








2 double bond 


A2 H3SiM3{2 


B2 H3Si=SiHa 


C2H2C=<:Ha 


2 double bond 


liOMO level 


-«.4570 «V 


.7,4417 eV 


-IO.IS67eV 




Maa.ofW.F.C. 


Q2pz : .3798 


Si/3pji : .37697 


C/lpji : 0.3746 




LUMOfevd 


2.4991 eV 


1.2787 eV 


4,9732 eV 




M«.ofW.F.C. 


5i^s: .7488 


SV4px: .71233 


C/ap.:. 73656 




net alomic charge 


C:-.2327(-.345l) 


51:0. (.2161) 


CO. (-,2544) 




( Btomu; charge } 


Si: .2527(3183) 








3 oonjitgUed 


A3 S0C3U6 


B3 Si<H6 


C3 C6H« 


3 conjugiaUxi 
douhl bond 


double bond 
HOMO lercl 


-8.1380 eV 


-6.9716 eV 


-9.0834 cV 


(a iwxBgonai 


Ma3LofW.F.C. 


CVlpe: .3599 


Sil/}py(D)T .3052 


Cl/2tn:. 31426 


oeU model) 


LUMOtevct 


2.21 60 cV 


0.31 69 cV 


4.0552 tiV 




Ma;i.ofW.F.C. 


Stifipz : .6574 


SilAtpy: .5109 


Ci/ipt : .56895 


1 
( 


let BBoniic chtt^ 
afomc chvgee ) 


C:-.5B54<-.7543> 
Si: J854( .7249) 


5i:0. (+0.1) 


CO. (-.1477) 



[0 0 14] &Ji0tm^lZj:tHt. S iM-?tCM 
dF-=fe)4'f4T'^<, S iMd=-{iiE(0.2382/net atomic cha 
rge)}C, CM^\tM(.-0.2382/net atxanic charge) IC^ 

[0 0 15] Z.(D^i}^<b-t^t. S im^ltJEiZ^m 

5tCDab-initio MOCDft^Ml*. S i C(Z)^(single 
bond) 'iyt-y^t^'r.yiy^Ml2.2^Bev/ ^lOD^f^;!/ 
A 1) lis iM^|^±®^ (single bond) (D^:tyit 
5i<7=->i/-v;Kll.0214ev/ ^io^-r;i/B 1) 
[^±CDM^(single bond) ®-?-^x(13.9334ev/ ^1©^ 

[0 0 16] zitil*, SiM-7-i:CM-7^Z)SJ1^®|liii 
j&^jf-A-^vy^U S^^^rtKDBv^tcJ;*;, SiM 

So 

(0 0 171 mt>. S iM^-=bCM^=bP^tti/-;i/K 



^^«ift.e>t>llIt5+4T'feS*^, SiM^ilCM-?^* 
^^.^mii^ttS ilS-?{i3pT'CM-?l^pT'feU. CM 

[0 0 18] bfc^^oT, Zirom^TiffStC^fcofeCM^ 

^^ytyit^T^yty^MtrnfT^izf^-ok^M^m. 
mm^^ yfy^t7i<v^y y^J\^ Vip i »; %/Jn$ ^i@tc;5: 

M) = 

[0 0 19] CM^i:*S^bTvSsm^^5fCMfC!a: 
50 ofcS iM^^-^V^TB4^^^. 
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n ym^sm(Dm^izimh, s i m'f-<m i^^>it 

[0 0 2 0] z.(r>z.>L^^7<M-^^iL. ziom^T^tc 

[0 0 2 1] SiM-?lCoVNTtt, «^^MtC^U, r 10 

[0 0 2 2] ^l®MO<?)|fmS^$:^5 
il, HOMO( ft^MtSftil/Highest Occupied Molecular 
Orbital) a flit (single bond) "e. ajaSKISta)^® 
feAcfii (Max.of W.F.C/wave function coefficient CD 
S;^«) l*Clg-7-a)*5^d&«#lii(2pz) tCfe'J, t.tz. 
LUM0( Sii^^tSffit/Lonest Unoccupied MolecularOr 
bital) %a«tilT% ?Si6BiBt®^CDS;*:fii (Max.of 
W.F.C/wave function coefficient (DS^^'fit) liS i 20 
M^^<D«^l^^dSf6ilC^-5 z: S:^ L T V ^ s z: e> 

[0023] Jg{C, S i C® 2|^^(double bond/ ^ 
l«)^^;i'A2) ;S5Lt)f^^(conjugated double bond/^ 

1 A 3 ) y ^ 1 o 

tc, HOMo( K^m (jymmmwm>mm (Max.of 

W.F.C./waye function coefficient (TMd^M) tiCM 

^^(ZjfeJi^d^^tfiiitcfey, *fenjMo( %wm (Dmm 

W^O:>WM<DWzW.Oiais..of W.F.C/wave function coe 
fficient(0«::A:« ttS iM-?^a51^tefliitCfe5 30 

[0024] RiKZ) S i lR-?i: CM^^©i^(bond) (D 

5. (1) J:JalC)ti!e5l?a)S^T-»S i C^imB^(DS 

S i C^|i^^ 
StfJtc^v NT %CM-?tt K-^-M-?-T& y > Si 

7ifi:zf^-mf-r'&&. apt). s iM-T-Mc, cis 

[0 0 2 5] Lfc;<)^oT, S i C{ilf|'tt<^S[tt^f!|£i: 

i: ;!>^5>#A* i:, S i Cif^^mi p M^^tl^oym^ J: 
Vl^lCa^U liHiBI*^:^Sv%T'fe5e)Zli:*^34x 

[0 0 2 6] (2) *]^^#e>G)^Tofeab-initi 

^•eS>SZli:$:^UT^.>-5o Z<Dtm^l%. cm^t 



#IPP1 0-1 94 889 

6 

[0 0 2 7] ^S:K-:^Lfc/S-S iC<3D^ 

K:^-®tg14^bx:^;i/^-{i34-38ineVT'fe-5©{CMLT 
non-doped (DnMP — Si C ©unknown donor CD?Sttffc 
X^;i/^-ttl8-25nieVT'feS i:(7)||^l^'!^3nT 

[0 0 2 8] 3*VfCj:tlti, S i C<orSmt:r^JV^~ 

[0 0 2 9] Wt>. s iM'f^^yfyit^'ryiy^JVti^ 
a.isiev T'feSCDlcMLT, CM^-cD-f ;r>-ffc;3i<f^>i/ 
•v;i/mi.256eVT'fe NM^®-f :r>'fb3J<-5^>J/Y;i/ 
®14.53eV i:yt;-roi:/h$<, K■:^- l/^;i/tjNM-7- 

[0 0 3 0] tSttfbx:^;i/diJ-lj;K:^— M-T-O-Y^J-^-fb 
yii'ryiy'^Jl^liS im^^^yitTH'T-yiy^Jl^iKD^ 

;i/<oll7!)'5^.ieV T% NM^tt-^'j*->'fb5K7=->i/-v;i/® 

^li$?j6.4eV T'&y. S iCCD?Stt^bx:^;b=^^-®IIS^ 
[003 1] ZLODlS^SIIttNM-f jb^S i C(Dn 

m^mubmm^Hm±ft^yi-y^t4<7-yiy^Ay(D^ 

[0 0 3 2] m^\t,^mm^mm!m.t^:^yit 

s iM^^fc^LTiaa^pM»T^'-fey<5f-M-?ii, e 
^■ffiS*^ s i »J /h^ < , &.'D^:^yitTi<y^yy 

±SIS{c#fe-r 5M-?At*ti{cK^t-S T ^' -fe y ^ -M^ 

[0 0 3 3] S iM^lC^bTiiS^:n^® K-^-M-f 
«^jmg*^Siig^J:y:^g<. K-o^i\ryitifs 

v^yi/rjvuj^s iM■?®■etlJ:^;t»^»;;^^<'fcv^M 
flP*.0*s iMi^:&SPT'^yT:6'T'^vm^ic#. 

[0 0 3 4] miz, :$mmm<^imr^^s^mi}^ . 

dr>(^=^y }^^m^\Z S i M-?5:5f^il lxUa 
[0 0 3 5] 2|s:^l8?a#e>0^fcai^tc <fc4xtfC 
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[0 0 3 6] ap*., nM^f-f^^> K^<*^f^^-rs 

»J*:*:^<, J.o-f;r>'ffc3j<7^>e/-v;i/*^CM-?<Z)-fix 
tCttm«3:^ >(C2H6)0^4x(13.831eV)j;jJlT® 

±®M-?T'S>y. zio^ic-^srts K-^->f^©* 

*«;^tt05^C^V^TSe, S, Br, IX'^^^tt^ 
[0 0 3 7] 10 

[0 0 3 8] rz:T% ntL\,^\^i—m^tLX\tS 
e, S, Br, I $:#lfSz:i:*^T'^S„ 
[0 0 3 9] 

mmn pxr, ^<mm<Dmmm^B-to 20 

iP»®iSMS®ll®Hb-fe l/>(Se02) $:x^! y -;i/(C2H50 

l,r^V-7.ii7.^. ]gMS(99. 9999955) (Z)7f<il?!/X(H2) 

900 TCJSLhlC^M L U n >#M^»feiilc ^* 

^>l>^llS:4Sg?^5SRmiall?|li|^{Cj:y, ffiSn^A^^t 
1 . 0 X 10-2 Qcni®a#'5: n^^-T K^{*M?:^^ 

[0 0 4 0] 

lSmM<D:^ 9>itSx (CH4) \z-m^(Diz U yit^Mi^zS 
(99.99999X) (?>7K^;«/X(H2)T'^&5K( 0.05» U V-fi^ 
[02] 




■lllgle bmid doablv brad 

SKSi SICU. 
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n?S(2.45GHz) :/5:^CVDSf5^(50 ~1000Pa/230 
Pa) P^{Ciiji(50iimis-l) U "ftmi 850 r) Lfci/U 

ziyms^Si «ioo»JiS.ty^-SiC^±{c^r>f-Y^ 

S:4aS??Sfe25:t«Ialli!l^tCj:»;, mfimtm.5 X102 

[0 0 4 1] ^^J3 
mm<Drmt'i2 UyiSeOz) t^L^tJ -;KC2H50H) 
■irU 3nS:T-feh>((CH3)2C0)T*#3|?Lfcy-:^:tfX 
5:^ «MS(99. 9999955) (Dymi^SP^XmiC^om U 
^'Vh:7-f^^>NCV DMlSj^dOOTorr) \,ZWS& (50 
SCCM) U ^i6l^( 850 "C) Lfei/U3>^S^« 

ioo» ^^Lr=.mm^Am-mAma 

[0 0 4 2] 

[ISW©^] \iLmf^\z. z.(DW^\zi:i\\-Sjm3^ 

m^f^<Dm=MWsmj^^\zm-^^ ^TS^T'^i#A 

[HSO^^^Si^] 

m 1 ] «^<3Da^lca^< nStf^tt pMS/ U n >^ 
li^*«)iSafi^0T% (a) tt^f^?: K-:/L75;V^4^ 
(b) {iPM-?5:K-:;^UTnMtcL-fc5tm 

(c) \tAimi-^\^--fhx^m\zLrdsm. 

[02] f■f^}CfflV^fe S i C0^^7^;i/&^-rEI 
[03] HOMOi:LUMO®a::^;i/:^r-L/^;i/$:^ 

[04 ] Si - c(Dm^\zi5»^^^mmo>Si'm< 

[05] =S«M^^«^ffiSii^:tMfc'K5^>i^^ 
;i/$:->''n«y hL/fe0 

[03] 




Single Bond Dosble Bond 

Two Atoms Model by 




[05] 



Sr+. 



+ Cd: 
+ Zo 



+ B 
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+ I 



+ a 

0 + 



Eaedro-negatlvlty* 

•Xl.AlbaLJ.b)Q(|.tbcLCfanL.n.215 (1961) 



